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FOREWOEU) t 

Before prococd5ng with xhJt fiobtuso, X wouxd like t o  

express my appreciat ion t o  P ro f .  Ing. Tabanera, chairman 

o f  t h e  symposium committee, f o r  i nv i t i ng  me t o  take p a r t  

in t h i s  h i s tor ic  meeting i n  L r g m t h a .  Through thc vision 

of  Prof. Tabancra and of other s c i c n t i s t s  and engincors, 

Argmtina e a r l y  gnlncd a world-wide rcputat ion f o r  

i n t e r e s t  i n  spacc rcscarch and technology and in  the ex- 

p l w a t i o n  o f  in te rp lane tary  space. 1 f i r s t  mot Prof. 

Tabanera a t  the F i f t h  In to rna t iona l  Astronautical  Con- 

gress  held i n  Innsbruck, Aus t r i a ,  Augus t  2 ,  199.. He 

was at t h a t  time thc second vice-prcsidont o f  t h o . I n t c r i  

n a t i o n a l  Ls t ronaut ica l  Fodixation, and I was a' v i s i t o r  

from tho a c r o m u t i c c l  scienccs. L a t o r ,  we w3rkod t o -  

ge ther  on the Technical Conmittec of  the United Nations 

Ad Hoc committee on the  Peaceful Uses of  Outer Space, 

hoplng t o  achieve a h s i s  f o r  widosprcnd in to rna t iona l  

cooperation i n  spat% rzscarch. I: bel icve  m o s t  s incmely  

t h a t  advances i n  the undcrstznding of o u r  universe are 

not t he  prerogative o f  n single nation 3r g r m p  but 

corn2 frbltl every quarter o f  the world i n  which s c i e n t i s t s  

arc actavo. I 2-n s u r e  tha t  Argmtinq will m k e  inereas- 

i n g  scientific contr ibut ions t o  tho o x p l x a t i 3 n  Df 

s?ccc undcr the leadership of the Comissim fm Space 

- I  

Rc s c a r  ch, 
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INTRODUCT I= 

.For many ccntur ics  astronomers havo bcon studying 

t h o  c e l c s t i z l  bodies and in tc rp lanc tary  ?.nd i n t c r g a l a c t i c  

spcco by i n d i r e c t  methods, The infDrnation obtainable was 

that  borne by the l i g h t  waves, and, i n  recent  t i m s ,  r a d i o  

waves reaching Dbscrving instruments :m the  surface o f  the 

ear th .  The s a r t h r s  atnospherc i s  opaque t 2  c c r t a i n  regions 

o f  the elcctro-magnGtic spsctrum and thc  var izblc  praper- 

t i c s  and r n o t i m s  3f the  ?.tmDsphcro intrDduce p e r t u r b a t i m s  

which i n t e r f e r e  with precise  Dbszrv:?tims. Nwcrtheless ,  

;I tremendous amount of knawlr!dge has boon g?.incd ;Lbmt 

the dimensions, chomical c m p o s i t i m ,  physic21 s t a t e ,  

r e l a t i v e  p D s i t i m s  2.nd mt ims  2f thc  c e l e s t i a l  bodics 

and ab3ut the sx t rene ly  s m a l l  amun t s  Df .-latter and the  

rad i a  t i  3n i n  i n t  s r  plzne t m y  s p~ cc 

The devcl3pncnt o f  r x k d t s  f w r i i l i t n ry  purpDses 

during 2nd a f t c r  WzJrld Wzr I1 b r m g h t  iilt:, Gxlstcnce the 

means Df cx?loring thc  high ntmsphcrc nnd ncarby sixwe 

by d i r c c t  ncthads, S c i e n t i f i c  mmsurcncnts cca now bc 

made by t rznsp2rt ing appcratus t o  gr2Z.t; distances FLb3vc 

thc  surface Df t he  cnr th .  Kcro wc nzy study d i r c c t l y  a t  

the scene the phcnxicna t 3  bc inv t s t ig2 t sd  2nd wc can 

makc i n d i r a c t  mcasurcmnts af c c l c s t i c J  2bjccts  in t h c  

same fiianncr 2.s a t  the c?.rthr s sur f rcc  but f r z c  f r m  t h s  

a b s o r p t i m  and p c r t u r b n t i m  3f tlic a t n ~ s p h c r c .  The space- 

c r a f t  zvc i lab lc  include saunding r x k c t s ,  221th sAtc l l i t c s ,  

and nan-made plancts  t r zvc l l i ng  zrDund the  s m .  

Much p r 3 g r o s s  has bacn m d e  ~-1roacly but we l o D k  

forward c m f i d c n t l y  t 3  grzc te r  ncc3np~ishncnts ,  t o  the  

sending D f  ins t runcnts  t3 thc  123312) Mms, and Vcnus, t o  

n m * s  f i r s t  vcnture i n t 9  space, f i r s t  i n  a b a l l i s t i c  
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f l i g h t  t 3  high a l t i t u d e ,  thon i n  x b i t a l  f l i g h t ,  t 3  nannod 

landlng 3n the  a33n and re turn ,  2nd s3 m i n t 3  the d i s t a n t  

fu ture .  

I n  a l l  3f t h i s  m t i v i t y  inv3lving the trmspDPt Df 

i n s t r m e n t s  and men f x  the e x p h r a t i 3 n  D f  spacc, the 

possible  a c c m p l i s h m n t s  a re  d i r e c t l y  dcpcndcnt 3n the 

pawer 2nd propulsion ava i lab le  a t  the time, Thc p r o p u l s i 3 n  

sys ten  was and i s  thc key t3 e x p l x a t i a n  i n  space ,".s it 

has been f x  c x p l o r a t i m  on thc sea, 3n l a i d ,  whether i n  

the  dcsc r t ,  p3lc.r r e g i m s ,  o r  mun ta in  trc?ils, m d  i n  the 

a tmsphere ,  

Thc prcscnt pay3cr gives a brsad revicw 3f t h e  space 

p3wer and p r z p u l s i m  p ic ture  as it n3w s t m d s  and as it 

s e e m  t:, be dcvehping. Thccssscnt ia l  e lonents  t o  be ais-, 
cussed a re  the s m r c c  3f onergy, c i t h c r  fDr pr3pulsian 3r 

fDr 3parating the  m-bmrd oquipmcnto, the  pr  ~ p u l s i v e  3r 

thrust-pr  Dducing Glcncnt, including thc w3rlring f l u i d ;  

and energy c m v e r s i m  ricth3ds. 

An ,o.ccmnt t i i l l  bo givcn D f  the  prDpulsi3n q.nd p3wcr 

s y s t e m  i n  use 2nd under devsl3pnent by the N?.ti3ii:'.l hr3- 

n m t i c s  and Spacc Ldn in i s t r a t iSL  SDuiiding r x k e t s  will 

be oni t ted ,  s ince they ;?rc described by D r ,  Newell i n  

l a t e r  p?.per a t  t h i s  synp:)siun. I n  3 thcr  wards, t h i s  p n p c r  

t r e a t s  thc propulsion systms f x  s a t a l l i t e s ,  deep snacc 

prDbcs, and man-nade p1l"inets. A prinary Dbjective i s  t 3  

give an m m a 1 1  framcvxk f x  the  m r e  specizl izcd tcch- 

n i c a l  pzpars  3n p r 3 p u l s i m  which a re  t o  f o l h w  during the 

coarse 3f the s y r p o s i u u .  

ENERGY SOURCES : 

Every s p c e  vehicle  rmst hzve mccss  tr, 2. supply sf 

energy f 3r pr3pulsi3n and f 3r Dpcratim m y  m-b3zrd 
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equipncnt such as s c i e n t i f i c  instruments, cmmunicat im 

equipment, a t t i t u d c  cm';rDl, l i fe -suppxt ;  equipncnt, c t  

cctera .  The m l y  kmwn sxi rces  Df energy arc th3se which 

re lease  energy by chenical  r c a c t i m s  3r nuclear  r e a c t i m s .  

I n  m r c  spec i f i c  t c r n s  the  cormon chenica.1 sDurces arc the  

fuel and Dxidant s u p p l y  i n  the tanks af a checlical racket ,  

c l e c t r i c  ' .mt+,eries which c m t a i n  a supply D f  encrgy !In 

chemical f D r r n ,  and the  f33d supply f w  hunm DccLpants 

which may be czmverted i n t c  nuscul?&.? mcrgy useful  f a r  

s m e  purposes, The c~m13.rl nucloar soil.rccs a rc  radiz&sotopes, 

nuclear  r e a c t x s ,  and the sun whDse crlergy r e s u l t s  f r 3 m  

nuclear  r c a c t i o m ,  S m l l  anDilnts of cmrgy f x  spec ia l  

purp3ses nay be stzwed i n  cDnprcssed 33s bDtt2.cs and c m -  

pressed mechanical spring s 

With the  exccption of the  sm,  thc  3ther cnergy 

s3urccs, i-e, chcnic3.1 fue l ,  rxc1ca.T f m l r  fDad, must be 

ca r r i ed  m-bmrd the vchicle  f r 3 m  thc cariili a r  pravid-3 by 

a n t h e r  vehicle  s e n t  f r o m  the ear th  fDr resupply, Any given 

supply p r w i d e s  a l i n i t e d  ctmunt af cnergy and t h x  p rmidcs  

f x  a d e f i n i t e  l i fc- t ime zt  the n m i n a l  r a t e  3f u s e o  Chenical 

b a t t e r i e s  and fDad nrc cxhaustcd rdlat ivcl-y s o m ;  ncicleci 

f u e l  c m t z i n s  n w h  m r c  encrgy pt.r ani% mass 2nd thus  

nuclear devices p;?avidc a much l m g e r  l i f e ,  I n  the dis ta i2t  

fu ture ,  it may be pc)ssiblc t3 gzeatly '  extciid flight d u r n t i m  

by the  dcveispzent 3f brcodey roac tars  wnich praduce addi- 

t i m a 1  nuclear  f u c l  within thc  reac-bw and by dcvdl3ping 

carbon, x y g e n ,  water, and ather  chor.1ica-r cyc le s  i n  a 

clDsed ecDlDgical systcn f 3r  ran hinsc l f  using s a l a r  ener,T. 

S3lar  onergy i s  the m l y  s3urce  which i s  v i r t u a l l y  

inexhaust ible  2nd requi res  n3 cant inunl  c m s u n p t i m  D f  

on-bxrd  suppl ies ,  but i s  zv,-.,ilzble m l y  whcn t h e  space- 

c r a f t  i s  i n  sunl ight ,  There hnvc bccn pr3pzJsalS t o  supply 
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energy t o  a spccocraft  by e loc t rowgnc t i c  r ad iz t inn  f rm 

the grmnd ra ther  than by physical re fua l ing  but  t h i s  ncthDd 

does nDt appaar p r a c t i c a l  a t  the  mricnt. 

Thc ava i lab ls  chcnical  s3urccs Df mcrgy  inelude il 

wide v a r i e t y  i>f substances. Eizcrgy 1s re leased g z n o r a l l y  by 

t he  r c a c t i m  D f  2 l t fuel l l  with Dxygen, a l t h x g h  s m e  substan- 
ccs are  uscd t~ re lease energy by decxip9sing i n t 3  sfiliplor 

cmpmnds.-Tho fuel is usual ly  a c2npaund cmtclining me 3r 

nore of the l i g h t e r  elcilicnts i n  the f i r s t  fmr g r 3 u p s  3f 

the  peri3dic t zb le ,  i.c, , hydr~gen,  l i t h i u n ,  beryllium, 

borm,  ccrbm, nagnesiur.1, aluminiun, The l loxidizcrslf  c m t a i n  

3xygcn 3r f l u x i n e ,  usua l ly  b m n d  t 3  :Ither elc-lcnts such as 

nit r3gcn 3r c h b r i n o ,  The substanccs 2f intsrsst arc  t b s o  

c m t a i n i n g  olenents 3f l3w m l e c u l a r  wcigixt, p w t l y  because 

3f t h o i r  gcncrnl ly  higher cncrgy rz lcase  ?or u n i t  L ~ S S  3n 

o x i d a t i m  and p a r t l y  bcccuse thcsc c l c m n t s  art? marc e f f ec t -  

Ivo i n  prxlucirq th rus t  n s  uscd i n  r.?ckcts. 

The ltRu?ckct PrDpellsnt HandbDDkll 3f B:ris K i t  and 

Doug1p.s S, Evcred (MaBMillm Cxlpcny, N e w  Ysrk, 1960) 1Patig 

90 3r more substances uscd c".s r m k e t  p r ~ p o l l m t s ,  2.11 sf 

which are  cmpasod 3f the C l C ~ 1 C i ~ t S  p r e v i m s l y  nnncd m d  in  

a few C ~ S O S  C l s o  s i l d c m ,  sulphur, and p2tqssiurn as c m =  

b$ning elencnts ,  The nunber 3f p x s i b l c  chenica l  cncrgy 

s3urce.s i s  3f c3ursc  much gronter than the 90 naled. 

I n  thc czsc 3f c z r t a i n  s inp le  subeLtmccs such as hydrs- 

gon, thc rolcasc :f zncrgy rcqui rcs  the chcaicnl  r c a c t i m  

3f t w 3  substances,  no c m t x h i n g  the f u e l  i31mcnt, tho 

&her tho oxidizer ,  s tnrcd sapp.r?tcly, I n  nthcr substances 

such as n i t rmc thanc ,  CH2N02, the  a lzncnts  m r b m  and 

hydrDgcn and 3xygon c?rs cmtal i ied in the  n3lcculcs o f  a 

single substance which nay be decmp,-rsed t;. f x n  hydrDgcn, 

SIE 4 

nitr3gen, water, carbon nDnzxlde, and carb3n d h x i d e  with 

'i 



- 6 -  

re lcasc  af tnergy, Mzch m r e  complex substances a rc  used 

as s 3 l i d  prapel lants .  Modern s 3 l i d  pr3pei lznts  c m s i s t  Df 

nix tures  Df nany substances, usual ly  two p r inc ipa l  m e s  

with rmny 3thers  i n  s n a l l  anDunts t=, serve as s t a b i l i z e r s ,  

vulcanizing agents,  burning r a t e  a c c c l c r a t x s ,  e t c ,  Detailed 

kmwledge 7 f  the p r 3 p o r t i m s  cnd pr3cesses used ?.re 3f ten  

propr ie ta ry  sec re t s  o f  the nanufacturer,  

S.H, D3lo 2nd M,A.  M a r g D l i s  3f the  Rand C D r p o r a t i m  

( i n  a paper prescntcd bcf3pe a recont nce t jng  wlmsc pro-  

ceedings h2-w becn published under the t i t l e ,  "The 

Chenistry 3f Fr3pellnntstl by Pcrganm Press, N e w  Ygrk? 

1960) l i s t  the f3ll t ;wing "ricnE'f 3f prcsent ly  av?.ilzble and 

prDspectivc r x k e t  pr3pellants:  

Liquids 

Cryogenic 

S t Drable 

Sol id  

(Liquid 
c 

oxygen 

(Hydrocarbon F u e l  R.P, 

Nitr3gcn te t roxide  

(Unsynnetrical  
( dimethyl hydrazine 
(Amoniun pcrchloFa.ta 
( and 
( polyurethrmc 

3r" 

(Liquid hydrogen 

(Liquid oxygen 

[ C h l x i n e  t r i f l m r i d e  

(Hydrazine 

( 

(Armmiurn p c r c h b r z t o  

( Orsano-Bxm 
( 

------I- PRODUCTION OF THRUST: ..---- 

P r o p u l s i m  i s  space can be accmplishcd only by 

applying the avc?ilable energy t 3  the prcduction D f  a f3rce  

ac t ing  on the  spacecrzf t ,  cmnonly  cz l led  the thrus t .  The 

m l y  kn3wn methzd o f  producing a f x c c  on an isol?.ted 

systen i n  space i s  t o  apply cncrgy t o  continuously change 
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the mmcntun 3f some substance used as a wDrking fluid. 
The t h r u s t  developed i s  equol ts the time r a t e  Df chmgc 

o f  the momentum of t h e  wDrking f l u i d .  For t he  present and 

f o r  soolc time i n  the fu tu re  the wxking f l u i d  M U S ~  be 

ca r r i ed  along from t h e  ground, The r a t e  of  consumption 

and avai lab le  supply o f  the  w3rking f l u i d  dotori-line the 

t o t a l  time during which t h r u s t  cCm be developed. 

I n  thc  chemical rocket the  w3rking f l u i d  consis ts  of 

the  prDducts o f  combustim D f  the energy scource, The 

chemical energy is converted t o  the  i n t e r n a l  energy of 

hot, high-pressure gases which are  expanded thrDugh a 

nozzle t o  form the propulsive j e t .  It  is desired t o  obtain 

the highest  pDssible th rus t  fDr a givon r r t e  sf consumption 

af wxking f l u i d ,  The r a t io  of  the t h r u s t  prDduced t o  tho 

mass r a t e  Df flow of  wzrking f l u i d  i s  known as the  s p a c i f i c  

impulse and is a usefu l  mc?sure D f  the  e f fcc t ivencss  o f  the  

prapulsion system. I t  i s  a f u n c t i m  3f tho chemicals uased 

and o f  the  expansion r a t i o  of  the rocket nozzle, For a 

given expansion r a t i o  thc spec i f i c  irnpulsc i s  propDrtiDna1 

t o  the square r o D t  of t h e  r a t i o  of the  absoluto temperature 

o f  the gas i n  the  combustion chamber t o  the mean molecular 

weight 3f the  wmking f lu id .  The permissible tenperaturo 

is l imited by the p r o p e r t i e s  D f  the  mater ia ls  used and 

the  e f fec t iveness  of cDDling i n  reducing the  temperature 

of the wall  of thc cmbust ion chainber below the gas tcnpe- 

ra turo ,  The mDlecular weight .shDuld be as m a l l  c2s p3sslblo 

t o  prDduce the highest  s p e c i f i c  impulse; hence the chomi- 

cals used should be composed a f  the l i g h t e r  elcrnents near 

the  beginning of tho periodic tcblc .  

If  a nuclear energy s m r c e  u s  used, the nuclear f u e l  

does n3t fu rn i sh  Working f l u i d  t o  prDduce t h r u s t ,  Home a 

sepcrate  supply must be used. Sincc hydrDecn i s  the 
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subst?-ilCc Df l m e s t  w l c c u l z r  w,:ir:ht, it i s  yrcferrcd.  I n  

thc  nuclear  thcrncll r x k c t ,  tlic nucl2ar m c y y  i s  used t 3  

r a i s e  the tmpcra tu rz  D f  the  vnrking f l u i d  which then ex- 

pmds through a n3zzlc 27s d o  thc  cmbus t ion  prDducts i n  thc  

chcmicnl r x k o t ,  

If energy i s  s ta red  i n  conprcsscd 2 2 s  i n  a tank, th i s  

g a s  nay be uscd a l s a  as wxking f l u i d  t 3  fu rn i sh  f x c e s  

f3r a t t i t u d e  c m t r o l ,  spiniring o r  dcspinning? vern ier  

c 3 r r e c t i m s  t 3  the t r a j o c t x y ,  c t  cz tc ra ,  

It i s  passible  t 3  use charged y r t i c l e s ,  s p e c i f i c 2 l l y  

pos i t ive  ims ,  as a w3rlting substmcc.  Accelcrz.tion 3f 

charged p a r t i c l e s  c3uld be mcxipl ishcd by ?& su i t ab le  

s l e c t r i c  f i e l d .  I n  t h i s  C;ISC it i s  f?und th?.t thi? spcc i f i c  

inpulsc  i s  prJpdrt iona1 t 3  the  square r33t af t h o  r a t i o  

3f the  product 3f ;jlcctricChLl chrrge t i a o s  c l c c t r i c  f i c l d  

s t rength  t o  the  nolcculm Such 2 dovicc i s  not  

tcnpzrcture- l iJ i ted.  Hc?wzvzr9 the  znergy rcquircd t 3  i m i z c  

the working f l u i d  rcprcscnts  a l2ss,  The i m i z z t i m  cliergy 

i s  high f s r  Glzricnts n c w  the beginning D f  the  pcr i3dic  

t?.ble m d  hcncc it prsvcs dcs i rcb lc  t 3  2 9  t o  TJ - rk ing  f l u i d s  

3f srmll  i m i z a t i m  Gnergy such as czsiutl. Ncvcrthcless 

bccmsc the voltzgc i s  nat  l i n i t e d ,  i t  :>.i?lxms fcz.sible 

t3 2btain much higher spec i f i c  i 2;ILlscs thm f x  choi.zicrl 

3r nuc 10 ar r DC ';e t s . 
With ions as vDrking f l u i d  i t  i s  ncccssmy t 3  

acczlzr?.tc the e l c c t r x s  rcmwod i n  the i2iriz?-tixt  p r x c s s  

and feed them back i n t o  the i m  j e t  t 3  nv2id ?.dvdrsc 

dGcclerating e l c c t r i c  f i c l d s  ;1C, t h e  disch,?rqc. A t  s u f f i -  

c l c n t l y  hizh tenpcrzturcs  the i m s  2nd okct rcms can 

r e x i n  nc2.r each - tho r  w i t h o u t  rccanbining m d  by ncccler- 

?&tcd by a suit?.ble c x i b i n a t f x  ?f 2lI2ctrric ami :ia:nctic 

f ic lds .  InsteTd 2 f  i m s ,  chmgcd c 3 l l o i d a l  so l id  p z r t i c l o s  
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m y  be used 2.s tl working f l u i d  t3 bo accolorF.tcd by 

c l c c t r i c r d  mcul.s. 

Llthmgh the spec i f i c  inpulsc D f  i3n arii p l a s m  j c t s  

is w r y  high, tho t h r u s t  t a  wsight r a t i s  Df c m p l c t e  systens 

i s  very ~ V J ,  because 3f the  great wcight Df thc e l e c t r i c a l  

gt.neratLi+g equipncnt. Thc t h r u s t  3btainable i s  vdry h w ,  

usu2lly less than a k i l q r a n  f r 3 M  a p r o p u l s i m  sys tcn  

weighing t h x s a n d s  a f  kil3.7rams. Hcncc such Msrkinz f l u i d s  

are uscfu l  only where the canpmont $ thc  Sravitati3n::l 

force  i n  the t h r u s t  d i r e c t i m  i s  snrrll, i .c. ,  3.t .:rcat 

d i s tances  frsri  the e a r t h  .rnd Dther c c l c s t i a l  bDdics whore 

thc  Zrav i t a t i ana l  f2rcc  i s  iidg113ibJ.o 3r fzo? slaw chc?ncGs 

In trajebtDPizs where Crrvi ty  i s  balanced by con t r i fuza l  

forces as i n  an : ) rb i t ing  s a t d l l i t c ,  

Cmccptually the chargcd p r t i c l e s  dxis t ing i n  space 

niGht be used ?.s r? w.>rking f l u i d .  Likcwisc, s ince r a d i a t i x  

has can equiv:).lent mss,  it t3=,  night cmccptua l ly  be used 

as i n  the prDpDscd ph3tan r x k e t ,  E u t  such USCS swn far 

away. 

There h17.vo beon prDpasals t3 use the prsssure 2f ra- 

d i a t i a n  t 3  >rDducc a f s r c e ,  fDr oxmplc,  by r e f l x t i m  o f  

s o l a r  scil, Thc f x c e  cc?n be crrlcul?.tecl and it m y  be o f  

i n t e r e s t  t 3  y ~ u  t 3  l e m n  t h a t  s 3 l P . r  r ad ia t ion  prcssure 

d m s  m d i f y  the 2 r b i t  3f t h e  EchD s z . t s l l i t c ,  c", l i gh t -  

wight b a l h a n  30 nekcrs i n  dinxctcr .  The 3bsGrved e f f e c t  

c3rrcspands t 3  t h a t  predicted and pr-duces chi cms idz rab lc  

r e d u c t i m  i n  the  os t inz tcd  l l f c t i n e  c7f the s a t e l l i t e ,  

rcducine if f r o n  Zbmt thrcc  yenrs t 3  nbDut m e  year. 

ENERGY CONVERSION: 

The basic  chcnical,  nuclccr,  and so lar  dncrgy 

s3urccs p r n i d e  cncrgy i n i t i c - l l y  i n  thc form Df hoat o r  
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olGctr ic?&l x z r g y .  F x  p r D p u l s i o n  m d  Zt t i tude  c m t r 3 l  

thc mcrzy  nust  bc cmvcrtcd t 3  k i n c t i c  oncrgy af  the  

w3rking f lu id .  F x  m-b-)-.rcl paver t c ,  operF-tc c q u i p ~ d n t ,  

mcrgy i s  rcquircd usual ly  i n  thc fc,m 3f c l c c t r i c  pr.wcr 

3f thc  Zppr2qriatc v s l t ~ . z c ,  current ,  m d  froqucncy. I n  

n3st spccccraf t  t 3  d?.to, 3nc tncrgy saurcc, 2 chci-iicczl 

3112, Ir.8 becn used f 3r prr .pu1s i .m m d  zn3ttlior, clieriic?.l 

b a t t e r i e s  3r s31?.r9 f3r supqlyins thc i n t e r n a l  pr>wcr, 

U l t i x t c l y ,  whcn c l c c t r i c > l  p r o p u l s i m  i s  c r i  ?l-ycd, il 

single systcn m y  be uscd, 2.t l c z s t  i n  thc s p x o c r a f t  

i t s c l f .  

A s  alrox?.y l icnt imzd? thc c m v c r s i m  f r n : i  the  hcat 

energy supplied by chciiical sr nuclcar r c a c t i m  i s  f i r s t  

cmvcr tcd  t 3  the iiiternz.1 oiicrgy Df the  h3t wIrkin5 f l u i d ,  

and 2.s iiuch 2s passible  c)f t h i s  i n t e r n a l  energy i s  cm-  

ver tcd t:, nochcZnicc".l oncrgy 3f the j e t  by cx?,ansim 

t h r x q h  a rsckct  n3zzlc, If tho w3rkb-q f l u i d  i s  a p l a s m  

3r ims ,  t h s  msrgy  rclccsdd i n  thc f 3 r r i  D f  ho2.t r i u s t  

f i r s t  bc cmvcr tcd  t 3  c l c c t r i c z l  cnorey and then t a  t he  

k i n e t i c  cncrgy cJf the j c t  by n suitt>.bl\: c,lcctricctl w c c l e -  

ratsr, Under t h i s  C Z I ~ ~ C G ~ ) ~ ,  bDth rr)c!rct mgincs  a i d  i m  Land 

plz.ssr.ia cnzincs LLPL t o  be cDnsidcrod L m r g y  c x t v c r s i m  

doviccs as well  IS prxlucd2s of th rus t .  Iii an zccc lcra t ins  

rocket  t h o  t 3 t z 1  tncrzy rdlcascd g x s  p?.rtly t 3  the kine- 

t i c  and potont ia l  cncrgy 3f the r -ckot  r-nd rcriaiiiing pr3-  

p o l l a n t s  and 137-rtly t 3  the kiiz2tic .,nciqzy af the ex-nellcd 

w3rkinC: f l u i d ,  

F x  m-b>\:rd sp2,cccrc?Lft p m z r  the a ic rzy  nust  be 

cmvcr t ed  t 3  c3lcctric;ll fxm, L t  prssent  cher.lical and 

s::lar w c r g y  s3urccs FLrc usGd, tho c m v c r s i m  dcvicos 

bcing hc. t tmics  2nd phatmDltaic  s 3 l C - r  co l l s .  When solar 

c e l l s  ax. uscd, be t tc ry  cz-pzcity i s  pr-viclod t 3  s t a r e  
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s u f f i c i e n t  cnorgy d u r i n g  the t i n e  the spacccrnft  i s  In 

sunl ight  t 3  aporc.tothe cqu1pr:icnt when the sp" L.cecraft i s  
i n  the shadDw Df t he  ear th .  Rcasonably zaod r e s u l t s  hme 

bcen obtcincd f x  s n a l l  tL"1ounts D f  pDwer, although sme 

problem have a r i s e n  with rcspcct  t 3  d c t c r i w a t i n g  pcr- 

f ormnce o f  storal:e b&tc r ios  i n  n vacuum 3n n u l t i p l e  

recycling a t  high anbicnt tcngcratures ,  and with r a d i a t i m  

dznage t o  so la r  c e l l s  f rm  protons and e l cc t r ans  i n  tht? 

Van Allen r a d i a t i m  b e l t s  and fmn s3 la r  f h r c s .  Solar  

c e l l s  c?re s t i l l  vcry ex:xnsive, the cclst boing Df the 

x d o r  D f  $ 500 per clcctric2.1 watt ,  

Therc ar c t h m e  cnergy c m v c r s i m  s y s t m s  which m y  

bo used with choaical,  with nuclear,  3r with sDlar mcrgy 

sources. Thoso arc  ncchanical, thernoclec t r ic ,  and thcr- 

mimic  s y s t e m ,  In thc ;:lcc@nical systons th3 hcat 

r2leasod frDn <my ~f the  s3urccs i s  used t o  heat a 

workinc f l u i d  which dr ives  a tu rbo-z loc t r lc  systorn. If 

solar encrgy i s  used:, mercy  f a r  thc dark o p e r r t i m  may 

be s tored  e i t h e r  as thc rna l  oncrgy 3r 2.s c l e c t r i c a l  

energy. Except f a r  t h o  l iTh tc r  troiSht and z r c a t c r  rcf inc-  

ricnt o f  dcsign such sys tem mi? qcncra l ly  si inilar i n  

operation t 3  the f ami l i a r  c l c c t r i c  p:,wcr goneration 

s t a t i o n s  used t o  supply p3wer t3 Dur h x x s  f r m  c3?.l 3r D K L .  

With chcnical  cncrgy the  heat is g m c r a t e d  by a cmbustlon 

pr3ccss; with nuclear cncrzy by fissicm, and m in tc rncdia tc  

heat t rensfor  medium nay be used t o  e m i d  radiDactivc 

c m t a n i n a t i m  Df the  vDrklng f l u i d  3f the  turbine. 

The s i n p l c s t  f x n  of t hc rnoe lec t r i c  c m v c r t e r  i s  a 

t h e r m c m p l e  nade by tiDining wires af d i s s i n i l a r  n a t e r i a l .  

Whan hcat i s  zpplicd t:, 3ne junction, an c l e c t r i c  v9ltz:c 

i s  goncratcd. The Atmic Energy Cxuiissim has dcvslDped 

a s r ~ a l l  unit, SXAP-3, i n  which thc ctncrgy s m r c e  i s  a 
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radioisatope,  2nd the cmvcrsion t o  e l e c t r i c  pawer i s  

nade by thermx?lec t r ic  uni ts .  This un i t  furn ishes  about 

f i v e  Watts o f  a lectr iczr l  p3wcr, and i s  intended 2,s a 

denms t rn t ion  u n i t  3r prototype. 

The thermionic c m v e r t c r  i s  bascd an the en iss ion  o f  

e l e c t r m s  f r o n  a hDt surface t o  a nearby cold surface thus 

obtaining cn c l e c t r i c  cur ren t ,  These dcviccs a r e  i n  an 

e a r l y  s tazc of  develapnent. 

I n  a d d i t i m  t o  t he  three  cnergy c m v c r s i m  systens 

su i t ab le  f3r use with a l l  Df the  energy sourcsso there  is 

a fzmrth capable Df d i r e c t  c m v c r s i m  f r x i  chenical  t a  

o l e c t r i c a l  energy, This i s  the f u e l  c e l l ,  which c m s i s t s  

of  a c e l l  f i l l e d  with an e l e c t r a l y t e  i n  which electrDdes 

a re  inser ted .  Instead of passing c l e c t r i c  current  *;;l!raugh 

the sDlution t o  deconp3se it as i n  the ordinary e l ec t ro -  

l y t i c  c e l l ,  chernic?Js are  fed i n t a  t he  sDlution t o  recom- 

bine and senerate  .an e l e c t r i c  current.  Typical f u e l s  a re  

hydr3sen and oqrgon, 

PRESENT L N C H  VEHICLES AND SPACE MISSIONS: 

Having reviewed the  basic principl.es Lmd concepts 

r c l a t i n g  t o  energy s x r c e s ,  p roduct im of t h r u s t ,  and 

energy cxtvers ion l e t  us  t u r n  t o  the prD3rc.m of  a c t i v i t i e s  

of the  National Aeronautics and Space Adninistration. With 

the  exoep t im of  the IGY Vnnguard pr3grclm, a l l  of the  

NASA space missions s o  far  acconplished have used launch 

vehicles  whase f i r s t  s t azcs  were dsvclnped by the Depart- 

ment o f  Defense f3r the b a l l i s t i c  miss i le  Pr~zrarn, These 

f i rs t  s tazes  Src s l i g h t l y  nodifiod J i lp i tc rs ,  T h x s ,  and 

Atlases. With the a d d i t i m  of  the  Vmguard second stage 

and other spec ia l ly  b u i l t  upper s tases  and paylwds,  we 

have been io.ble t o  proceod inrnediatcly t o  explore the  space 
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cnvirmnent ,  w i t h m t  awaiting the dcvdl2pnmt 3f new 

launch vchiclcs  spc i f i c$ - . l l y  f m space o p e r n t i ~ n s ,  The 

n i s s i m s  which can w w  be undertzken z r s  l h i t c d  by thc 

eapaei ty  3f tho prcscnt ly  cvz i lab le  vehicles  and the 

dovchpncnt 3f launch vehiclos n f  GrGatcr capccity was 

i n i t i a t e d  a t  t he  bczinning o f  the s;?ace 

We hcvo been 2.blc t:, accxi iJ l ish T. :;rcs.t dcal with 

th2 present ly  ava i lab le  vchicles and yau will be hcczrircq 

ab:,& S3T'LO Df the  r e s u l t s  du r ing  the L o t  r.1e 

T i r s  I 2nd Ech3 I. 

(pleaso turn w e r )  
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T i r o s  I, ?he ueteorological s a t e l -  i+.e, made 278 t r i p s  

around the ea r th  in  i t s  f i r s %  tY;,o Eionchs, producing more than  

20,000 photographs of cloud forrnations over the e a r t h  between 
l a t i t u d e s  TQ C . N t?  50 0 S o  T i r o s  X was launched successfully 

on A p r i l  1, 1960, It i s  a 27O-po~nd satoil i‘Je launched in to  a 

near ly  c i r cu la r  o r b i t  with uaxinurl and ninirn-a$ a l t i t u d e  of 4-68 

and 435 miles,  respectively,  The period i s  99>i5 minutes, It 

i s  stdhilizec! by s pinning, Thus nanh ta in ing  a near ly  fj: .Jd 

itire c t i c n  i n s  paceo Pictures a re  obtained l a  t h a t  p a r t  of t h e  

o rb i t  where the ca. mers secs  t h e  s u n l i t  portion of the earth4 

The s a t e l l i t e  i s  provided i t i t h  tape recorders  VJhiL:. :an record 

a s  nany as 32 pictures  for  l a t e r  t ransniss ion when the s a t e l l i t e  

i s  wi th in  mnge of one of t h e  ‘ - .9 g~oan:!  s ta t ions ,  Meteorologists 

t e l l  us t ha t  bho value of these photographs t o  t h e i r  xork has grec- 

t l y  exceeded t h e i r  already h i g h  expectations, For exanple, in  the 

southerg ocean areas where previously the only obsc,rvatims ava- 

i l a b l e  were those from l e s s  than a dozen s’:ipE,LTlros ,oradwed 

pictures which gave an ove ra l l  view of cI.oud fori1iatj.on.s showing 

the exact locations of four storm cen.ters, Vieather fror i ts  a r e  

e a s i l y  located, Previously unknown s p i r a l l y  handed cl.oi.16 forma- 

tioris i n  s t o m s  of noderato in t ens i ty  w r e  s e e n  fo r  the f i r s t  

t i u e  extending over thousands of square rnLLos, The Chief of the  

Wheather Bureau has tole, us t h a t  t h e  n e t e o r o l o g f c a i  s n t e l l i t e  

i s  the nos t  s ign i f i can t  deveiopncnt i n  rxteorrJl.c;gy in a l l  tirile 

of g rea te r  irii:-wt.ance than t h e  i.ri~~efi.kfoa of  t h e  t)arc)l;ieLe.r3 Echc~ 

I, the passive comiunicstions s a t e l l i t e ,  V J ~ S  launched on Allgust 

12 ,  1960 i n to  a near ly  c i r cu la r  o rb i t  at, an a l t i t ude  of abou’: 

1000 mileso The s a t e l l i t e  i s  an in f l a t ab le  sphere 100 f e e t  i n  d i a ix  

which cons t i tu tes  a small  lfmcmnll from whlch rad io  s ignals  have 

been re f lec ted  t o  give excel lent  i ,ual l i tg  cormunica+iion bct-  

ween Cal i fornia  and New Jersey, It i s  made of t h i n  Mylar p las -  
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t l ' o  coated with alwnlnum and weigh$ about 132 pomds, These two 

sa t a l l l t e s  are f i r s t  s teps  in  t h e  eariy a p p l i c a t l w  of e a r t h  sa& 

t e l l i t e s  t o  prac t i ca l  u s e s  fo r  human benefi t r  Research and devw 

loment i n  t h i s  area w i l l  be continued t o  provide protchtipes f4P 

s a t e l l i t e s  t o  be ysod in  operat ional  system f o r  weather observab 

t i o n  and forocasting and fo r  l anprange  rad io  comnuhicatith links 

of grea t  t r a f f i c  capacity. 

PROPELLANT L AUNCH VE- 

In the e a r l y  s tages  of t h e  NASA program rnany types of launch ve- 

h i c l e s  have been used, Since) however, r e l i a b i l i t y  increases with 

the number f i r e d ,  many of the older vehicles are being phased obt 

t o  concentrate on a r e l a t i v e l y  small nunbor of types, The o ldes t  

launch vehicle now i n  use i s  the Jtino 11, based on t 4 e  Jupiber 

f i r s t  s tdge ,  Three more missions remain, a f t e r  which Use or Ch€s 

vehicle w i l l  be discontinued. Juno I1 i s  a four-stage Vehicle, t h e  

second stage consis t ing of eleven s o l i d  ppopellant rocko3a ( Sop- 

geant Jr,) in a clus*er, the th i rd  of three s imilar  rockets, and 

the four th  of one, I%s o v e r a l l  weight i s  12k,000 powlds and it  can 

place 95 pomes i n  a 300 nau t i ca l  mile o rb i t ,  ?he Jupi te r  f i P S t  

S h & e  u t i l i a e s  the conventional l iqu id  propellan%e 8 l i qu id  oxygen 

(LOX) and hydrooarbon fuel .  The Thor-Able launch vehicke a l s o  t o  

be phased out, consisked i n  i t s  o r i g i n a l  version of a modified 

Thor) a second stage which was a modificd form of tihe Vanguard 

second stage, and a t h i rd  solid-propellant s t age  (Altai?!) a l s o  

based on an e a r l i e r  Vanguard design, I t s  overa l l  weight was a- 

bout 105,000 pounds and it launchod the 142 pound Explorer V I  

Into an e l l i p t i c a l  o r b i t  with perigee of 156 and apogee of 26, 

357 miles, The f i r s t  stage PropdlantS  were l iqu id  oxygen and 

hydrocarbon fuel; t h o  second white fumfng n i t r i c  acid and unsy- 

m e t r i c a l  dimethyl hydrazine, La te r  versions of Thor-Able used 

l a rger  f u e l  tanks i n  the secund s t age  and previdod a r e s t a r t  
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capabi l i ty .  One such vers ion launched the 270 pound T i r o s  

I i n t o  a near ly  c i r cu la r  w b i t o  a t  about 450 miles, 

The Deltt: vehicle ,  of  which %en remain t:, be f i r e d ,  

uses e s s c n t i a l l y  the Thnr-Lble hardware with s o m  r e l i z b i -  

l i t y  and performznce irnprDvcucnts and with a d d i t i m  2f cz 

highly accurate guidancc systen adapted f r m  the  T i t m  

pragram.  I t s  launch weiqht i s  112,000 pounds and it hcs 

t h e  capab i l i t y  o f  placing 480 pDunds i n  a 300 n i l o  3rbit. 

Delta  launched the 132 pmnd Echo I sphere, i t s  30 pounds 

o f  i n f l a t i o n  p2wdcr and 28 pounds -f pack?,ginz i n t 3  an 

approximately 1,000 n i l e  o r b i t e  Delta a l so  w i l l  be rcplnced 

by Thor-Agena a t  the end of the yrcsciit s s r i c s .  

The Thx-Bgena B, dcvelDpcd by thc  Dcpr t , i cn t  3f 

Defense f o r  thc  Discoverer pr3gran, cons is t s  3f a T h x  and 

a second stagc which i s  yL nodif icd and e n k r g c d  vdrsion 

of the  secmd stage t h z t  hcs been uszd  visry successful ly  

i n  tho e a r l y  Discoverer prDgrara. It  w i l l  rcplczcc the J u n o  117 

Thor-Able, and Delta i n  She fu tu re  NASL prDgran.  Thc second 

s tagc propel lants  are  the s m c  as i n  Thor--Able mid De l t a ,  

white funing n i t r i c  acid and unsynnetric?L1 dinethyl. hydrc- 

zinc. The wcizht of Th2r-Agena B i s  l23,030 PDuilds and it has 

the capaci ty  t 3  131acc 1,600 pounds i n  a 300 n i l e  orb i t .  

Modified Atlases and Redstmes a rc  being uscd i n  the 

manned s s t c l l i t e  pragran, 

The Atlas-Agena B i s  sirnilar t o  Thor-flecna B with 

s u b s t i t u t i m  Df Atlas f o r  T h x  t o  enin zL :;rac-?tcr capa- 

b i l i t y .  This vehicle  w i l l  a l so  be used i n  A i r  Force 

n iss ions ,  and t h i s  c3mion use i s  expcctcd t o  r e a l i z e  

a high r e l i a b i l i t y  a t  oar ly  date.  A t l a s  Q$na B weighs 

about 275,000 pounds and w i l l  placc 5 9 0 0 0  pDunds i n  a 

300 n a u t i c a l  mi l e  Drbit. It c w  launch a b m t  750 p x m d s  

t o  oscape vekDcity, 2nd w i l l  be uscd f x  e z r l y  luna r  ex- 

pl:,rztion as well  as fDr s c i m t i f i c  s c t o l l i t c s ,  
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The vohiclcs  S D  f a r  rientimod u t i l i z c !  the r e l s t i v c l y  

l 3 w  energy chexiczl p r 3 p c l l m t s ,  b u t  we c?rz noving i n  

f u t u r e  l e a c h  vshic les  t 3  the usc zf the  high energy 

eherJicF.1 propelhmts ,  l i q u i d  hydr3;:en and l i q u i d  oxyzenr 

This c x b i n a t i o n  gives us  2 s 2 e c i f i c  I n p u l s c  3f sorlethirig 

mer  400 seconds 2.s cmpared t o  sonething under 300 f a r  

the  f u e l s  p r e s m t l y  i n  use. 

The f i r s t  use 3f l i q u i d  hydro3cn-liquid axysen w i l l  

be i n  the Ltlm Contaur, a vchicle  c m s i s t i n g  Df an Atlas 

with ~1 ncw secmd stage us ing  the high-cncrgy prD?ellants,  

The deval3pnent 3f t h i s  vohicle i s  well along and it i s  

hDped t 9  m k e  the f i r s t  f l i g h t  z b m t  the niddle  Df nezt 

yeor, Thc present weight c s t i m - t e  i s  ;..bout 290,000 pmnds 

with an e s t ina t ed  capab i l i t y  of  8,500 pounds i n  a 300 n i l e  

Drbit, and 6b3ut 1,500 pmnds t o  t he  v i c i n i t y  Df Mars 3r 

Venus. 

Thc l a rges t  sptrce launch\ vehicle  n3w under devclsp- 

ncnt is the  Saturn. Thc Saturn C-1, prcscnt ly  under 

ac t ive  develnpncnt, i s  a three-stage v z r s i m  s iv ing  t he  

e a r l i e s t  a v z i l a b i l i t y .  It w i l l  be fDllswcd by a f m r -  

stage version Saturn C-2. The f i r s t  s tage ,  c d l e d  S-1, 

of each version utilizes a c l u s t e r  Df e ight  cnginos which 

are uprated v e r s i m s  Df the Thor engine t o  188,000 pmnds 

thrust. The t a t a l  t h r u s t  w i l l  t haref3re  be 1.i a i l l im  

pmnds. The second s t i q e  o f  C-I. which w i l l  - 1 s o  be the  

t h i r d  stage of C-2 i s  cz l l ed  S-IV, It u t i l i z e s  f o u r  

Centaur engines uprrted t o  17,500 p3unds p r w i d i n g  a t 3 t a l  

t h r u s t  of:7O,OOO pmnds. This m d  a11 upper stages o f  

Saturn w i l l  use l i q u i d  hydrogen a i d  l i q u i d  ~xygen.  

The t h i r d  s t q e  of C-1, whi ch  will be the  fou r th  

stage o f  (3-2, i s  the Centaur s tzge s l i g h t l y  rmdified t 3  

use the u9rzted engines, g iv ing  a st=.,;e t h r u s t  Df 35,000 

pounds, 
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The secmd stcgc o f  the pr3psed SF.turn C-2, terned 

SIX, will be Q new devclaprnent requir ing a ncw hydrcpm- 

oxygen engine of 200,000 pounds thrus t .  Devolopnent Df the 

engine has been i n i t i a t e d .  The d s s i z n c t i m  S-I11 was 

reserved f o r  the t h i r d  s tage o f  a p m s i b l e  S(?-turn C-3 

o f  f i v e  stages,  b u t  no development o f  i t  i s  prcsont ly  cmd 

tcnplated.  

F l igh t  t e s t s  Df the S-I stcge zr3 scheduled f n r  

next year and it i s  hopcd t o  launch the  f i r s t  c m p l c t e  

Saturn C - 1  i n  1963. Tho c s t inz t ed  dSoight i s  one n i l l i o n  

p3Unds. Its t D t a l  hcight w i l l  be 185 f e e t  and i t s  naximun 

body d iane tc r  21* f e e t i  I t s  cstinp.tod capab i l i t y  i s  19,000 

patatads In a 300 n i l o  x b i t  and 6,000 pounds t 3  escage. 

About 1,000 pounds c w l d  be sent  t o  a s D f t ,  l rnd ing  3n the 

man. 

The Szturn i s  intended f x  use i n  a v a r i e t y  3f ais- 

sims, c x p l o r a t i m  D f  the  mm and plznets  with considerable 

paylxds ,  and extending t h e  nanned ex;?lor:tim D f  space. 

I n  a d d i t i m  ts the  dcvo lqnen t s  of thc Centaur and 

Saturn launch vehicles,  we a rc  dcvolnping c l a r g e  single- 

chamber chemical r x k c t  o f  l* n i l l i o n  :iounds t h r u s t ,  a s  a 

un i t  which w2uld serve as a basis f a r  engine c l u s t e r s  

having t h r u s t s  Df six t a  twclve a i l l i m  pwnds. We a r e  

a l so  dDing l i n i t e d  r e s c a c h  and conp~~ncnt  work with l i q u i d  

hydrogen Gild l i q u i d  f l u a r i n e ,  which gives sonewhat higher 

inpulse. However, fluDrlne i s  e x t r m e l y  t o x i c  and corrosivc 

and presents  rnany operatim2.1 problcns.  

SOLID PROPELLLJJT LAUNCH VEHICLES: 

SDlid propel lant  r x k s t s  hzvc been used f b r  sounding 

rrclrets r.nd upper  s tages  o f  s a t e l l i t e s  and spcrce probes ?.s 

well  3.s f o r  generating s m l l  f x c e s  f o r  s2in and desp in ,  

vern ier  correct ions,  e t  cs tera .  The f an i ly  Df h u n c h  
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vehiclcs  under devclopnent includes m e  us ing  s3lid gra- 

2 e l l m t s  t h r m g h m t .  It is the  Scout, a 36,000 p3un8, fmr- 

stage vehicle ,  a b m t  72 f e e t  long cayable of x b i t i n g  a b m t  

150 p x m d s  i n  a 300 r2ile x b i t .  I t s  dcvel*ipncnt 3ri:Yinntod 

i n  an aorodyneriic, s t r u c t u r d ,  pad heat  t r a n s f e r  pr3Zran 

ca r r i ed  ou t  with s2lid ~ r o p l l m t  r x k e t s .  The tcchnol3gy 

pr3grcssed t 3  m l t i - s t a g e  r x k e t s  Df l a r z e r  and k r q e r  s ize .  

Its c m p m e n t  s t z g e s  a rc  derived by s m 1 1  in;wcwc;ients i n  

rockets  developed f x  Dther purpascs. FDr cxmplc ,  t he  

fDurth s t rge  i s  the inpraved Vanguard  f3u r th  s tage 2.1~3 uscd 

i n  Thx-Able and Delta. This s tage ,  Al ta i r ,  woiehs 520 pmnds 

and has a t h r u s t  3f 3,100 pDunds. The f i r s t  s tage,  A l g o l ,  

weighs 23,600 pmnds m d  has il t h r u s t  3f 105,000 p3unds* 

The sccmd ktco.ge, C n s t D r ,  vcighs 9,300 LlDunds m d  has Q 

t h rus t  oh 93,000 p3unds. The t h i r d  s tage ,  Lnt-rcs, woi3hs 

2,600 -::xmds 2nd has a t h r u s t  o f  13,600 p2unds. 

Sc3dk h2.s car r ied  a 120 ;3Dund ;ic..ylxd t:, z l t i t u d o  

~f 3,500 rn i los  i n  a b a l l i s t i c  f l i g h t  t 3  E! h x r i z m t a l  rang(! 

of  5,800 r i i lcs .  The next f l i g h t  w i l l  be an x b i t s l  experi- 

nent b 

We h2.m c m r i e d  Dut s tudies  cmcariiing : , o t m t i a l  

czdv2.ntzges of  nuch l z rge r  s o l i d  r x k e t s  ?ad wo c.rc f3 l lw-  

ing with grea t  i n t e r e s t  rasearch t o  3btain sDlid grogcl- 

l:.nts 2 f  q rca t e r  s x c i f i c  impulse, devehp-:ents  t 3  :xm:iit 

asserzbly Df loaded s3lid p 3 p l l e n t  rr:ckcts f rm ;iicc3s 

rmre e a s i l y  t r a i i s p x t a b l e  t 3  the h u n c h  s i t e ,  and 3ther  

devcl3pnents. The D c p r t w n t  sf Defense and NASA nre 

su>pc?rt ing w3rk i n  these fq-rc?-s. I n  tlic present s t a t e  3f 

t he  a r t ,  the higher sTecif ic  ii17ulse obtainable f r D m  l i q u i d  

p r 3 i x l l m t s  i s  required f 3r rimy space Bissi3ns. 

SIE 4 



- 20 - 
NUCLEAR ROCKETS: 

Nuclear f i s s i m  as an oncrgy s3urco f w  s?zce pr3- 

2ulsion p r m i s e s  spectaculzr gains 3n d i f f i c u l t  nissiDhs; 

whether f m  scnding very l a rge  p y l 3 a d s  iiit:, naarby space 

or s u b s t a n t i a l  p a y l x d s  t o  grea t  distances.  Thcrc are  a t  

lcast .two a t t r a c t i v e  l i n e s  af dcvelDp%nt; m e  the use 3f 

cz cznvcntional 

a nozzle as i n  
i 

wxking f i u i d ,  hydr~gen ,  exgandcd thrDugh 

the chcnical  rocket;  the other  tho con3er- 

si3n af t ho  energy t c ,  c l e c t r i a a l  Jnorgy and t h o  use 3f m e  

3f thc forms 3f e l e c t r i c a l  pr3;3ulsi3nD Let u s  f i r s t  discuss  

the nutleirr t l i e r m l  rocket ,  3n which subs t an t i a l  research 

m d  devel3pnent has clrcady bccn ?-CCJ n:)lished. 

The nucloar r x k e t  lxagram, R w c r ,  i s  a j o i n t  e f f w t  

bctwoen NASA and the AtDnic Energy Cmnission. The AEC is 

res i imsib lc  f 3r d e v s l ~ p i n g  the nuclear reac t2rs ,  while 

NASA is  ros;lzmsible f 3r a l l  nm-nuclear c ~ n i ~ 3 n e n t s 9  m d  

f a r  in togra t ing  the  engine i n t o  3 f l i g h t  vehicle. We have 

r e c e n t l y  es tabl ished ~2 j 3 i n t  3 f f i cc  t3 nanage tho ? r3grXi .  

Tho f i r s t  KIWI, 3r grmnd t c s t t  reactm? ’was success- 

f u l l y  tostca i n  the smincr Df 1959. Sinco then, there  hzvc 

been two  m r c  successful t e s t s  t h i s  s u m e r ,  and 2lans c a l l  

f o r  a thPrd next year, With each t e s t ,  the K I W I  r c a c t s r  

m d  its associated plunbing m e  bsing w d i f i c d  t 3  m r e  

nearly a p p r m c h  a prDtotype fl ight-woight cngilze systen. 

NASA i s  m w  ev2luatine; pDpxials f r o m  industry 3n a p r c l i -  

ninary design study Df a coq i l c t e  engine. I n  a.X!itim, 

i n d u s t r i c l  c m t r a c t 2 r s  c r e  cng;aged i n  parc- l lc l  s tud ies  3f 

the rcquironcnts t 3  be n e t  f3r f l i g h t  t e s t ing ,  Lisa, a 

c m p o t i t i m  i s  under way f z e  prol ininary design s tudies  

3f t e s t  f a c i l i t i e s  which w i l l  bc required f 3 r  f u r t h e r  

gr3und t e s t  of the  nucloar enzinc 2nd t h o  nuclear-powered 

vzhic le. 
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ELECTRIC PROPULSION: 

Our ,xzqrm i n  t h o  e l e c t r i c a l  prspulsi3n f i o l d  is 

,lined t m u d  the dovcl:,?I.ient. 3f onzincs based 3n t h e  use 

of ims  2nd ?lama as wxking f l u i d s  with which t a  achieve 

the ,o,dvanced a i s s i m s  Df t he  next dccade and bcymd. 

Resozrch i s  now bein3 su7plcnonted by spec i f i c  advanced 

d e v e l o p e n t s  Df thc  cng lnes  o r  t h r u s t  e lemfi t s  t 3  natch 

o l e c t r i c a l  p3wer systen dcvehpnonts t 3  be doscribed lz-ter.  

Tho c h a r a c t e r i s t i c  f ea tu re s  of 2 . lcctr ical  prDpulsi3n 

systens are  the high spec i f i c  irq,ulso and the 13w thrust. 

S p c i f i c  inpulses sf 5,000 t3 107000 and t h r u s t s  Lcss than 

m e  sr t w 3  p3unds tlpc c h a r X t c r i 6 t i c  v a ~ u c s  UXIGP ciisctisb 

sion. 

Thc types Df t h r u s t  zonerators undcr c m s i d c r a t i a n  m e :  

(1) clcctr3therno.1, i n  which the  e l e c t r i c a l  energy i s  used 

t o  heat  a c3nventi:in?d sJr;rking f l u i d  by ncms zf  an a rc  3r 

Q ros i s tance  hea ter ;  (2)  o l ec t rDs tz t i c ,  i n  which i3ns 3r 

c o l l o i f i a l  p r t i c l c s  c o n s t i t u t e  tha  v3rking f l u i d  and a r e  

acccleratcd by an c l e c t r o s t c t i c  f i c l d ;  and (3)  e l e c t m -  

nagnotic, i n  which a p l a s m  i s  accelerated by a crDssed 

m g n e t i c  and e l e c t r i c  f i o l d  systorn 3r by a t r a v e l l i n g  nag- 

n e t i c  ' c I - m  systenb 

Throe  n2z l i ed  research 2nd d e v c l s p c n t  ;?rDjccts hzve 

been es tzb l i shed  i n  the NASA prozran, ' t w 3  i n  the first 

categary and m e  i n  the second, Feasi '3 i l i ty  s tud ies  3f 

t h e  ' third c a t o g x y  are inclu<?ed. 

The f i r s t  dcvclDpncnt pr3ject  i s  f3r 2. m e  k i h w a t t  

arc-jet engfnes tr, devolop t h e  f w c c  r z q u i r e d  t3 ; x m i d e  

t h e  necessary t3rque t o  contrDl t h o  zn7ulz.r 3 r imta t iDn  
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p w e r  su2;dy t 3  be described laBcr. Such 2- systen cmLd 

be used f x  t r a n s f e r  f rm 2 parking x b i t  t 3  a 2k-hx1r 

synehrmous ZrSiC with considerable in?rmoncnt i n  p y l 3 a d  

m e r  chemical r 3c kot p r  ~ p u l s i o n ,  

The t h i r d  prg jcc t  a ins  t o  develop cngine and pr31 

po l l an t  feed systen cDnFmcnts f3r =I 30-kilowatt cesQp 

ion  rDcket engine which w i l l  generate a t h r u s t  af  0.1 

pmnd. I m  engines show groat p m i s c  f o r  g l m c t a r y  d.6- 

sions, 

SPACE POWER GENERATION: 

The NASA program f a r  thc dcvGl3prent 2 f  s p c o  p w o r  

goneration systotls has boon plcn,nncd i n  t h e  l i s h t  Df the  

estinatod requirencnts,  Nearly a l l  %Ha vehic les  scheduled' 

fDr t he  next f x r  years rcquirc  avcrc-.gc pmsr l eve l s  bofow 

250 watts. Power i n  these arnDunts e a  be r ead i ly  prDvided 

by sDlar c c l l s  i n  cx ib ina t ian  with ba t t e r i e s .  Beginning 

i n  a b m t  1965 the Scturn s,uacecraft w i l l  c m e  i n t 9  us0 

with rsquircncnts  f x  the  prDposed n iss ions  rcnging f r m  

one t o  f m r  kilowatts.  When e l e c t r i c  p r 3 p u l s i m  bccxms 

available, it i s  c s t i m t c d  t h a t  the require-mnts w i l l  rise 

t o  vc.1ues f ron  50 t o  1,000 kilDwatts, 

Devol3pront hcs been i n i t i c t e d  of 2. th ree  k i lawat t  

system using solar pDwey, turbD-clcctr ic  onnvcrsim, and 

Chornnl energy s t x a g e  knDwn as Sunfhwer I, The solar 

energy i s  cDl loctcd by Q l c rge  parabolic r c f l e c t 3 r  with 

a boiler a t  I t s  focus. The turbo-e lec t r ic  systen i s  based 

3n Q nwcury Rmkine cycle, and the energy StDrzZe f o r  

oporati.cn i n  the e a r t h ' s  shadow uses rmlten l i thium 

hydride. S y e c i f i w t i m s  requi re  the  systcn t 3  bo oa2able 

3f gonercting three  k i lawat t s  canti,.iumsly f o r  me year in 

.my ctlrth s r t e l l i t e  a t  an Zl t i tude  betwzan 300 and 20,000 
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n a u t i c a l  miles. The t a r g e t  weight i s  about 700 pmnds  

exclusive D f  the  sun o r i o n t a t i m  systen. 

NASA i s  devchping j o i n t l y  with the C t m i c  Enorzy 

C o m i s s i m  a 30-kilowatt nuclear tu rb3-e lcc t r ic  system 

kwwn as SNAP-8. This system a lso  uses  mercury CIS tho 

w x k i n g  f l u i d  i n  the  turbine. The est im.tcd woight is 

about 2,000 pmnds. It i s  hoped t 3  car ry  t h i s  devehpnent  

t3 the point 3f one year o p r a t i n g  l i f e ,  

I n  addi t ion  t 9  these spec i f i c  d e v e l ~ p i e n t s ,  applied 

rosoarch is being conducted i n  such areas as the  effect 

of t h e  space snvi rmnent  3n r inter ia ls  (emiss iv i ty  and 

netooroid darnage), l iquid-net21 and valiorized-netal tech- 

nDlozy, and high tzmperaturc c m p m e n t s  o f  the Rsnkino 

cycle system, 

NASA plans t 3  s u p p w t  research on cesium vapor ther-  

n i m i c  cmvertGrs f x  use with s o l a r  p-lwer nnd 3n t he  

f e a s i b i l i t y  and p r a c t i c a b i l i t y  o f  f u e l  cells f3r space 

uissiDns, 

SONCLUSION: 

TD sunnarize, NASA has under dcvelqment s,pce pr3-  

gu ls i sn  and power cmvers iun  systens t a  nake possible 

rapid progress i n  the  s x p l o r a t i m  and u t i l i z a t i o n  of 

s2ace. A l a rge  f i r s t - $ l a g e  r x k e t ,  the Saturn, will, 

prcrvide a take-3ff thrus% of l+ n i l l i m  pounds using 

l i q u i d  oxygen 2nd hydrocapbm f u e l .  A ncw single-chamber 

r x k o t  engine 3f l* n i l l i on  Imunds t h r u s t  pr3vides an 

engine which can be clushored t 3  give s t i l l  higher 

t h rus t s ,  A s  r a2 id ly  aa p3$sible, an u p p r  stage using 

Liquid hydrogen cnd Lflquldd Dxyean w i l l  be brouzht i n t o  

use t o  incrorso payJqRd$,,pn Atlas,  and such stzgos w i l l  

be used f ron the beginning with Sz turn ,  A nuclear rocket 
. .  
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using hydragcn 2 s  the wxking f l u i d  i s  i n  t h o  r e s m r c h  

2nd e v c h p r x n t  s t r s c  t o  be used f i r s t  in an ugpcr stage 

D f  Scturn. In  the  z l e c t r i c a l  p r D p u l s i m  f i e l d ,  mc j e t s  

D f  one and 30 kilowatts  r a t i n g  and a 30 kil3watt  cesiun 

ion r x l c e t  are  undcr devalapnent, 

I n  the  pDwcr convcrsion ixca,  the p r inc ipa l  devohp- 

nents i n  progress a rc  ?. sa la r - turbo-e lec t r ic  sys tcn  o f  

th ree  k i l o w ? & t t s  capaci ty  and a 30 k i h w a t t  nuclear-turbo- 

e l e c t r i c  systcu. 

These a r e  thc s p c e  p r J p u l s i m  and pawcr t 3 a l s  t3 be 

used i n  the NASA prD-;rLm i n  the next docadc. The cmduct  

of this p r o g r i m  wDuld be i a p s s i b l e  w i t h m t  the s u 2 p m t  D f  

s c i c n t i s t s  and eryinccrs  i n  nany Dt4ier countries.  I hope 

t h a t  m s t  sf y ~ u  w i l l  f e e l  t h z t  the  Yr3grr.n i s  being car r ied  

Dut f w  y3ur bene f i t  as well as  Dur ~ w n ,  t h a t  it is in a 

c e r t a i n  sense your prDfram t 3 3 .  I an vory plcascd t o  SQC 

3n the groqran c m t r i b u t i m s  a r i s i n g  f r m  y m r  3wn c m p x a -  

t i v e  a c t i  v i t y  with NASA and I wish t o  take t h i s  x c a s i m  

t 3  express our  thanks and a:iprocintion, Wc c r o  p r x d  t 3  be 

assncictcd with Ing. R, Mmgcs Ljpcz, Prcsident 3f  the  

Mexican-U. So Ccxmissian f 3r S>!ace Obscrvat ims Relat ive 

t3 the  Mercury Pr3ject,  who has added his e f f 3 r t s  t 3  3u r s  

i n  the  b e s t  t r a d i t i m s  of i n t c r n a t i m a l  science. Our i:iany 

cDl l eagucs  3n t h i s  c m t i n e n t  who have jDined in the w x k  

af tracking and t e l e u e t r y  n t  t he  s c v s r a l  Dptical  and 

Minitrack s t a t i o n s  2re  roprcscnted 3n the  iJr3gran by Ing. 

R.F. W D D d n a n  Df the  CeDphysical I n s t i t u t c  of Humcaya, 

Peru. Fina l ly ,  there  nany of you on3cT:od in s c i o n t i f i c  

research i n  as t ronmy and, Ceophysics i n  gr3und f a c i l i t i c s  

whDsc Dbscrvations j5inw3 with those obtaincd f r o n  satel- 

lites m d  space pr3bos pz)bduccs a g rca t e r  hc?rvest Df new 

i n f x n a t i o n  them e i t h e r  ; s ? D ? ; r m  a lme .  It is t o  y3lp W 

colleagues, t h a t  I have ncde t h i s  r ep3r t  Df the t D o l s  t h a t  

w i l l  s u p p 3 r t  3 u r  jDint e f fDr ts  i n  the near future .  
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